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Prenatal Predictors of Postnatal Quality of
Caregiving Behavior in Mothers and Fathers
Christine Hechler, Roseriet Beijers, Marianne Riksen-Walraven, and
Carolina de Weerth
SYNOPSIS
Objective. The quality of parental caregiving has been shown to affect children’s development
from birth onward. Therefore, it is important to detect parents at risk for low-quality caregiv-
ing as early as possible – preferably before birth. Design. Observations of expectant mothers’
and fathers’ behavior when exposed to infant crying were examined as predictors of the
quality of caregiving toward their own infant 6 weeks postpartum. Eighty-eight expectant
mothers and 57 of their male partners were tested during the third trimester of pregnancy.
Parents were filmed individually while caring for a crying Simulator Infant for 15 min; the
quality of their caregiving was rated on sensitivity and cooperation. Also, cognitive interfer-
ence on a working memory task and the ability to regulate physical force when exposed to
infant crying were assessed. When their baby was 6 weeks old, parents were filmed and rated
for sensitivity and cooperation during a 15-min interaction with their own infant at home.
Results. Prenatal quality of caregiving behavior toward a simulator infant predicted postnatal
quality of caregiving toward the own infant in both mothers and fathers. Cognitive interfer-
ence and the ability to regulate physical force did not predict postnatal quality of caregiving
behavior. Conclusions. Expectant parents’ quality of caregiving behavior toward a crying
simulator infant predicted both mothers’ and fathers’ postnatal quality of caregiving behavior.
Future research is needed to determine whether the simulator infant may be a useful screening
instrument and training tool for parenting skills in at risk groups of parents-to-be.
INTRODUCTION
Abundant evidence shows the importance of high-quality parental caregiving behavior
for child development (Vesely, Levine Brown, & Mahatmya, 2013). High-quality caregiv-
ing can be characterized as care that positively contributes to children’s well-being and
development (see e.g., Layzer & Goodson, 2006). In this study, we focused on two aspects
of parental caregiving behavior that are generally considered key characteristics of high-
quality caregiving for young infants, namely sensitivity and cooperation. Sensitivity refers
to the extent to which a caregiver timely and adequately responds to the infant’s needs
and signals (Ainsworth, Blehar, Waters, & Wall, 1978). Parental sensitivity has been
shown to contribute to a broad range of child developmental outcomes (see
Helmerhorst, Riksen-Walraven, Vermeer, Fukkink, & Tavecchio, 2014; Mesman &
Emmen, 2013). For example, sensitivity is associated with secure infant-parent attachment
(Bakermans-Kranenburg, van IJzendoorn, & Juffer, 2003; Birmingham, Bub, & Vaughn,
2017), better regulatory capacities (Sanchez, McCormack, & Howell, 2015), and lower
stress levels later in life (Smeekens, Riksen-Walraven, & Van Bakel, 2007). Cooperation,
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the second quality of caregiving behavior we focused on in this study, refers to the extent
to which caregivers adjust their behavior to the infant and do not interfere with the
infant’s ongoing activity. Parental cooperation contributes to children’s development
beyond parental sensitivity (see Helmerhorst et al., 2014). Given that parental caregiving
affects child development from birth onward (Feldman, Eidelman, & Rotenberg, 2004),
and is relatively stable over time (Dallaire & Weinraub, 2005; Else-Quest, Clark, & Tresch
Owen, 2011; Hall et al., 2015), it is important to predict the quality of caregiving as early as
possible, potentially already during pregnancy. Early detection of parents at risk for low-
quality caregiving may open a window for timely interventions designed to strengthening
parenting skills. Therefore, the aim of this study is to investigate possible prenatal
predictors of the quality of parents’ caregiving in the first weeks after the birth of their
infant.
Research has shown a variety of factors predicting low quality of caregiving:
demographic factors, such as a very young age (Riva Crugnola, Ierardi, Gazzotti,
& Albizzati, 2014) and lower socioeconomic status (McConnell, Breitkreuz, &
Savage, 2011); the quality of the parental support system, such as low partner
and social support (Bryanton, Gagnon, Hatem, & Johnston, 2009; Jackson, Preston,
& Thomas, 2013); parental characteristics, such as ineffective coping styles
(Gudmundson & Leerkes, 2012), and insecure attachment (Jones, Cassidy, &
Shaver, 2015), and mental health problems, such as depression (Edwards &
Hans, 2016; Ngai, Wai-Chi Can, & Ip, 2010). Previous research has thus used
a large variety of measures to predict quality of caregiving behavior. However, to
our knowledge, no research used observed prenatal parental behavior as a predictor
of parental postnatal caregiving behavior.
The present study aimed to fill this gap by observing prenatal parental behaviors that
might theoretically predict the quality of their postnatal caregiving. We chose to observe
parents particularly while being exposed to infant crying because there is evidence that
infant crying is powerful in eliciting caregiving-related behaviors. Infant crying, which is
the most important signal indicating infant’s needs, has been shown to trigger positive
caregiving behavior (Zeifman, 2001), but also to elicit negative reactions resulting in
low-quality caregiving (Leerkes, Parade, & Gudmundson, 2011). Furthermore, research
suggests that parental caregiving behavior observed when the infant is crying is a better
predictor of later developmental outcomes than parental caregiving behavior observed
when the infant is not crying (Leerkes, 2010). We elaborate on the three types of prenatal
parental behaviors we observed as potential predictors of the quality of postnatal
parental caregiving, namely (1) the quality of caregiving toward a crying simulator
infant, (2) cognitive interference by infant crying, and (3) the ability to regulate physical
force when exposed to infant crying.
First,weexaminedwhether thequalityofprenatal caregivingbehaviorwhile“caring for”
a crying simulator infant would predict parental postnatal quality of caregiving behavior.
Participants experience the infant simulator as fairly realistic and comparable to a real baby
(Voorthuis et al., 2013). In students, caring for a crying simulator infant, as compared to
a non-crying simulator infant, decreased confidence inparenting ability (DeCock,Henrichs,
Rijk, & van Bakel, 2015). In mothers, the quality of caregiving behavior toward a simulator
infant was strongly correlated with concurrent observations of caregiving quality toward
their infant (Bakermans-Kranenburg, Alink, Biro, Voorthuis, & van IJzendoorn, 2015) and
couldpredict the quality of themother’s future caregiving behavior (Bridgett, Rutherford,&
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Mayes, 2015). We expected the prenatal quality of caregiving for the simulator infant to
predict thepostnatal quality of caregivingbecause caregivingquality is relatively stable over
time from birth onward (Dallaire &Weinraub, 2005; Else-Quest et al., 2011).
Next to the quality of caregiving toward the crying simulator infant, parental
characteristics that are prerequisites for high caregiving quality can also be expected
to predict postnatal quality of caregiving. One basic prerequisite for sensitivity is the
extent to which a parent notices infant signals; parents have to be first aware of
a baby’s crying before they can respond with high-quality care (Ainsworth et al.,
1978). Crying is hypothesized to reach mothers who are not attending to the baby,
even when they are mentally focused elsewhere (De Pisapia et al., 2013). For example,
mothers were distracted in their performance on a concentration task when listening
to a tape of infant crying, as compared to machine noises (Morsbach, McCulloch, &
Clark, 1986). We investigated whether the extent to which infant crying interferes with
expectant parents’ cognitive performance predicts their postnatal caregiving quality.
We assumed that cognitive interference by infant crying would mean that the infant’s
signal is detected, triggering caregiving behavior (Chang & Thompson, 2011). The
effect on caregiving quality may, however, be positive or negative. On the one hand,
cognitive distraction by an infant’s crying may lead a parent to sensitively soothe the
infant. On the other hand, a parent could become irritated by the crying and being
distracted, triggering less positive behaviors.
Infant crying can lead to negative emotional reactions ranging from sad to irritated to
extremely hostile (Leerkes et al., 2011), and the interpretation of the excessiveness of the
crying is related to negative parental behavior toward the infant (Reijneveld, van der
Wal, Brugman, Hira Sing, & Verloove-Vanhorick, 2004). Furthermore, an EEG study
(Dudek, Faress, Bornstein, & Haley, 2016) showed that infant crying can interfere with
the brain’s capacity for parallel processing. The authors suggest that this interference
could ultimately lead to attention depletion, hampering high-quality caregiving. In brief,
the relation between cognitive interference and postnatal caregiving quality might be
both positive and negative. This led us to refrain from proposing a hypothesis and to
examine the relation between prenatal cognitive interference by infant crying and
postnatal quality of caregiving exploratorily.
Another prerequisite for high caregiving quality is the parent’s ability to regulate
arousal resulting from infant crying (Leerkes et al., 2011). Upon hearing infant crying,
parents initially react with physiological arousal, such as increases in heart rate and
blood pressure (Parsons, Young, Parsons, Stein, & Kringelbach, 2012). High levels of
arousal, and not being able to downplay initial arousal upon hearing infant crying, is
related to low-quality caregiving behavior postnatally (Ablow, Marks, Feldman, &
Huffman, 2013). Moreover, parents with high risk of physical child abuse were less
able to regulate their physical force when exposed to infant crying than low-risk parents
(Crouch, Skowronski, Milner, & Harris, 2008). The current study does not focus on
abusive or harsh parenting, but rather on parenting in a community sample. However,
a lack of ability to regulate physical force may also be related to lower quality caregiving
in a community sample. For example, parents scoring lower on Cooperation (a scale also
used in the present study to measure parenting quality) tend to physically intrude on
their infant by restricting the infant’s movements and using direct physical force
(Ainsworth et al., 1978). We examined whether expectant parents’ ability to regulate
physical force when exposed to infant crying predicted their postnatal caregiving
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quality. We expected that parents who were less able to regulate physical force when
exposed to infant crying prenatally would show lower postnatal quality caregiving
behavior, than parents who were better able to regulate physical force.
Finally, we examined whether the three prenatal behavioral predictors would predict
postnatal quality of caregiving in fathers as well as mothers. During the past decades,
fathers have become more frequently involved in child care (Cohen-Bendahan, Beijers,
van Doornen, & de Weerth, 2015), and mothers and fathers have become more similar in
terms of their roles and the types of behaviors they engage in with their children
(Fagan, Day, Lamb, & Cabrera, 2014). Furthermore, fathers’ parenting has also been
shown to affect child development (Malmberg et al., 2016; Ramchandani et al., 2013;
Ryan, Martin, & Brooks-Gunn, 2006; Tamis-LeMonda, Shannon, Cabrera, & Lamb,
2004). Therefore, early detection of an increased risk for low-quality caregiving is as
important in fathers as it is in mothers.
What does prior research suggest about factors predicting caregiving quality in
mothers versus fathers? Early models of the determinants of parenting, such as
Belsky’s (1984) seminal model, mostly included mothers as participants. Later
research showed that the important determinants in those models may also be
associated with fathers’ caregiving behavior (e.g., Berg Nordahl, Zambrana, &
Forgatch, 2016; Hall et al., 2014; Pelchat, Bisson, Bois, & Saucier, 2003; Prinzie,
Stams, Dekovic, Reijntjes, & Belsky, 2009). The three specific prenatal behavioral
predictors examined in the present study (i.e. caregiving behavior quality, cognitive
interference, and physical force regulation, all in a context of infant crying) have not
been examined earlier in relation to postnatal caregiving in mothers or in fathers. For
our first prenatal predictor of postnatal quality of caregiving, the prenatal quality of
parental caregiving, we expected that prenatal quality of caregiving would predict
postnatal quality in both fathers and mothers. This prediction is based on a study
observing parents with their infants during the first 2 years after their infant’s birth
that found that all observed aspects of parental behavior (including those examined
in the present study) showed stability for both mothers and fathers from the first
week after birth onward (Hall et al., 2015). For the other two prenatal predictors in
our study there is no relevant research evidence, but given the general similarity in
the most important determinants of maternal and paternal caregiving we, hypothe-
sized that the prediction of postnatal caregiving quality from the three prenatal
predictors would not be different for mothers and fathers.
In overview, we examined whether the quality of mothers’ and fathers’ caregiving
behavior toward their infant (operationalized as sensitivity and cooperation) could be
predicted prenatally from (1) the quality of their caregiving behavior when interacting
with a crying simulator infant, (2) the extent to which infant crying interfered with
their cognitive performance, and (3) their ability to regulate physical force when
exposed to infant crying. We hypothesized that higher postnatal quality of caregiving
behavior would be predicted by higher quality of caregiving behavior toward the
simulator infant and by a greater ability to regulate physical force when exposed to
infant crying. The predictive effect of cognitive interference when exposed to infant
crying on postnatal quality of caregiving behavior was examined exploratorily.
Finally, we expected the prediction of postnatal caregiving quality from the three
prenatal predictors not to differ between mothers and fathers.
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METHOD
Participants
Participants are part of the BINGO (Dutch acronym for Biological Influences on Baby’s
Health and Development) study, a longitudinal study examining prenatal predictors of
parental caregiving behavior and infant health. This study was approved by the
ethical committee of the Faculty of Social Sciences of the Radboud University
[ECSW2014-1003–189]. Participants signed up via folders that were handed out in
midwife practices and pregnancy courses around the region Arnhem-Nijmegen (the
Netherlands). To facilitate a higher number of participants, mothers were allowed to
participate alone and fathers were encouraged, but not required, to participate.
Initial prenatal inclusion criteria were: absence of drug use, no excessive alcohol use,
sufficient mastery of the Dutch language, and a healthy pregnancy. In total, 88 expectant
mothers and 57 of their partners met the inclusion criteria and signed informed consent.
Mothers participated alone when the father had no interest (n = 7), had no time (n = 19),
was a donor (n = 2), was known at the university (n = 1), or refusedwithout reason (n = 2).
Independent samples t test, t(df) = −3.13, p = .002, revealed that mothers who participated
alone, M = 4.63, SD = 2.00, scored higher on prenatal quality of caregiving toward the
simulator infant compared to mothers who participated with their partner, M = 3.35,
SD = 1.63. For all other study variables there were no differences between mothers who
participated alone and mothers who participated with their partner.
Postnatal exclusion criteria were: complications during pregnancy (after initial contact),
prematurity (gestational age ≤ 35weeks), birthweight < 2500 grams, 5-minApgar score < 7,
and child anomalies. One infant was born prematurely and one infant with brain damage;
these two families were excluded from further analyses. The final sample thus consisted of
86 mothers and 56 of their partners. Seven families stopped participation after birth due to
personal reasons. Formore information about the participants, see Table 1. Participantswho
stayed in the study showed higher prenatal quality of caregiving,M = 3.73, SD = 1.82, than
participants who dropped out,M = 3.00, SD = 1.02; t(df) = 2.14, p = .045. Infants (41 boys, 38
girls) were born full-term,Mgestational age = 39.77, SD = 1.52, with an average birth weight of
3531.07 grams, SD = 428.43.
Procedure
After giving consent, participants filled in a questionnaire concerning their demo-
graphic information. Participants then visited the laboratory during the third trimester
of pregnancy, M = 34.54 weeks, SD = 6.02 weeks, during the late afternoon or in the
evening (after 15:00). Participants were blind to the exact goals of the tasks. If the
mother and father both participated, they were tested separately on all tasks, and with
the three tasks always in the same order: cognitive interference, physical force, and
infant simulator. The first task was the working memory task to measure cognitive
interference by infant crying. The N Back task was used, with number of trials back
equals two (Kirchner, 1958). To cover up the study focus on infant crying, extra
disturbing noises were included to this first task. Participants performed the N Back
task five times in total; first without sound, and then four times while exposed to the
sound of a crying infant, an excavator, a dinner conversation, and traffic noises (see
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Hechler, Beijers, & de Weerth, 2015, for more details). The order of the sound condi-
tions was counterbalanced.
The second task comprised the hand dynamometer task (Crouch et al., 2008) to
assess participants’ ability to regulate physical force when exposed to infant crying.
Participants were exposed to the sound of an excessively crying infant while being
prompted three times to squeeze the handgrip, with an interval of 20 s. On each of
these three trials, participants had to squeeze as hard as they could for 3 s, and then
squeeze with half of their strength for 3 s. Before starting, participants practiced in
silence until they were able to squeeze with half their strength on at least five
consecutive trials.
In the third task, a simulator infant was used to elicit prenatal caregiving behavior
(RealCare Baby; Realityworks, Eau Claire, WI, USA). The simulator infant resembles
a real infant between the age of 0 and 3 months in appearance, weight, and size as well
as in expressed needs. Like a real infant, the simulator starts fussing to express a need.
Fussing eventually turns into crying if the need is not met. Participants were introduced
to the simulator infant and instructed to imagine that the simulator infant was their own
infant and that they were at home. The experimenter explained that the simulator infant
reacts like a real infant and demonstrated the feeding function (giving the bottle when
the infant started fussing). The simulator was then handed to the participant.
Unbeknownst to the participant, the simulator only responded to a special chip worn
by the experimenter, who left the room. The observation room included two cameras,
a cot, a changing table, toys, a rocking chair, a feeding bottle, and a second diaper.
Participants were subjected to three periods of fussing and unsoothable crying of on
average 4.25 min each (Cochran, Dailey, Oddi, Bridgett, & Mayes, 2010). Prolonged
fussing and unsoothable crying were chosen to trigger caregiving behavior of the
expectant parents (Ainsworth et al., 1978). The interaction between the participant and
the simulator was video recorded. After 15 min, the experimenter entered the room and
asked the participants to fill in two manipulation check questions on a 7-point scale,
namely: (1) how difficult they found it to interact with the simulator infant as if it were
real and (2) how seriously they performed the task. Afterward, participants were
debriefed carefully, and the experimenter explained that the simulator had not been
responding to their soothing attempts due to our manipulation.
When the infant was 6 weeks old,M = 6.78 weeks, SD = 0.82, parents were visited at
home during the late afternoon or in the evening (after 15:00). Mothers and fathers
were asked to undress their infant, change the diaper, and dress the infant again,
interacting with their infant as they normally would. Changing an infant at this age
constitutes a mild physical stressor that may elicit crying and fussing (Jansen, Beijers,
Riksen-Walraven, & de Weerth, 2010), and infants are usually more fussy and cry
more in the evening than in the morning (Barr, Trent, & Cross, 2006). This procedure
was chosen to (1) make the interaction comparable to the prenatal interaction with the
simulator infant and (2) to elicit caregiving behavior by infant crying. The 15-min
interaction was filmed as unobtrusively as possible by the experimenter. When both
parents participated, the mother always interacted with the infant first. During the
home visit, parents also filled in a questionnaire on depressive symptoms.
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Measures
Cognitive Interference. When performing the N back task (Kirchner, 1958),
participants were presented a computer screen with a 3 by 3 grid, in which every
2 s one of the cells turned red. On each trial, they were asked to indicate whether the
cell that just turned red was the same cell that turned red two trials before. To check
whether infant crying was related to fewer correct trials compared to the other sound
conditions, a repeated-measures ANOVA with condition as the within-subject variable
and infant crying condition as the reference category was performed. Participants had
the fewest correct trials in the infant crying condition as compared to the other sound
conditions, F(df) = 32.42, p < . 001, see Table 2.
A score for cognitive interference by crying was computed by subtracting the
number of correct trials during the infant crying sound condition from the number
of correct trials during the no sound condition and dividing the result by the number
of correct trials in the no sound condition. Possible scores ranged from - 1 to + 1, with
a score of 0 meaning no cognitive interference by infant crying, and + 1 meaning
maximal cognitive interference by infant crying. Negative values indicated more
correct trials in the infant crying condition compared to the no sound condition.
Regulating Physical Force. Following the procedure by Crouch et al. (2008), scores
on the hand dynamometer task were computed per squeeze trial by dividing the half
squeeze force by the full squeeze force. Scores equal to or below .50 indicated that
participants squeezed with half or less than half their strength, whereas scores higher
than .50 indicated that participants used more than half of their strength. Scores above
.50 can be interpreted as a more hostile behavioral response. For each of the three
trials, the scores were dichotomized; a score of 1 when more strength was used, and
a score of 0 when half or less strength was used. Subsequently, the three scores were
added, yielding a total score for the ability to regulate physical force – operationalized
as using more force than required – ranging from 0 to 3 (Crouch et al., 2008).
Prenatal Quality of Caregiving. A check of the manipulation showed that the
participants found it neither easy nor difficult to interact with the simulator infant as
if it were real, M = 4.44, SD = 1.74, and reported taking the task rather
TABLE 2
Mean Number of Correct Trials on the Working Memory Task in the Different Conditions, Separately for
Mothers and Fathers
Mothers (n = 85) Fathers (n = 49)
M SD F p M SD F p
Infant crying 31.07 1.62 31.49 1.19
No sound 32.25 2.60 22.04 < .001 32.92 2.34 26.37 < .001
Conversation 33.18 2.47 98.94 < .001 34.24 1.15 302.28 < .001
Traffic 32.12 2.28 23.04 < .001 33.22 1.09 88.97 < .001
Excavator 33.26 2.12 162.04 < .001 34.18 .99 302.59 < .001
Note. Mothers df, error df 1.84. Fathers df, error df 1.48. As Infant Crying condition is the reference
category, corresponding F and p values are missing.
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seriously, M = 5.60, SD = 1.13. Paired-samples t test showed that there was no
difference in scores between expectant mothers and fathers, tdifficult (df) = −1.18,
p = .245; tserious (df) = 0.87, p = .389. The videos from the laboratory visit interaction
with the simulator infant were rated for parental sensitivity and cooperation using
9-point rating scales (Ainsworth et al., 1978). These scales have been extensively
validated in various cultures and are well applicable for rating the quality of
parental behavior with very young infants in natural settings. Sensitivity (versus
insensitivity) refers to the extent to which the parent timely and adequately
responds to the infant’s needs and signals. Highly sensitive parents are aware of all,
including subtle, signals from their infant, accurately interpret these signals, and react
to these signals in a prompt and appropriate manner. In contrast, insensitive parents
are often unaware of their infants’ signals, either by ignorance or failure to perceive
subtle communications, may not understand their infants’ signals, may react
inappropriately or late to these signals, or not react at all (Ainsworth et al., 1978).
Parental cooperation refers to the extent to which caregivers adjust their behavior to
the infant and do not interfere with the infant’s ongoing activity. Highly cooperative
parents guide the infant’s activity, parent-child interactions are codetermined, and
parental interventions occur when a natural break in the infant’s activity occurs. In
contrast, interfering parents have no respect for their infant as an autonomous person
with valid wishes and activities. Interfering parents often physically overwhelm the
infant, by moving him or her around without apparent reason, restrict or restrain the
infant’s movements, and use direct physical force (Ainsworth et al., 1978).
The rating scales range from 1 = highly insensitive/interfering through 5 = inconsistently
sensitive/mildly interfering to 9 = highly sensitive/cooperative. Trained observers, who
were blind to the study goals, independently rated the interactions. About 30% of
the videos were scored twice for reliability. Interrater agreement was good, intraclass
correlations = .92 and .88 for sensitivity and cooperation, respectively. Sensitivity and
cooperation were highly correlated, r = .88, and therefore averaged as a measure for
quality of caregiving. Note that participants scored more frequently below five (36
expectant fathers and 62 expectant mothers) than above five (9 expectant fathers and
18 expectant mothers). A Chi-square test showed that expectant mothers and fathers
did not differ in whether they scored below or above five, χ2(df) = 0.11, p = .744.
Prenatal quality of caregiving was used as a continuous variable.
Postnatal Quality of Caregiving. The videos from the home visit were rated for
sensitivity and cooperation using the same 9-point scales (Ainsworth et al., 1978) that
were used prenatally. About 30% of the videos were rated twice for reliability.
Interrater agreement was good; Intraclass correlations = .82 for sensitivity and .75
for cooperation. Sensitivity and cooperation were highly correlated, r = .81, and
therefore averaged as a measure for postnatal quality of caregiving. Note that
participants scored more frequently above five (n = 69) than below five (n = 55).
However, fathers scored more frequently below five (n = 29) than above five
(n = 18), whereas mothers scored more frequently above five (n = 51) than below
five (n = 26). Pearson Chi-square test showed that this difference between mothers and
fathers was significant, χ2(df) = 9.23, p = .002. Postnatal quality of caregiving was used
as a continuous measure.
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Control Variables. Next to controlling for infant sex, we also included parity as
a control variable. Our sample consisted of 117 first-time parents and 25 second-time
parents. Independent-samples t test for all study variables showed a significant
difference between first-time and second-time parents in postnatal quality of
caregiving behavior, Mfirst-time = 5.23, SD = 1.83, Msecond-time = 4.35, SD = 1.59;
t(df) = 2.16, p = .033.
We also considered including depressive symptoms as a potential control variable,
as postnatal depression has high incidence rates, with a prevalence estimated between
5.5 and 33.1 percent (Gaillard, Le Strat, Mandelbrot, Keїta, & Dubertret, 2014), and
depression has been associated with insensitive parenting behavior (e.g., Waxler,
Thelen, & Muzik, 2011). Depression was measured with the Edinburgh Postpartum
Depression Scale (EPDS; Cox, Holden, & Sagovsky, 1987), a 10-item screening tool for
postnatal depression. Given that the level of depressive symptoms was low in the
present community sample, M = 4.58, SD = 4.39, and depression was unrelated to
postnatal quality of caregiving, r = .50, p = .593, we did not include depression as
a control variable in our analyses.
Missing Values
During pregnancy, five mothers and five fathers were videotaped without sound
in the laboratory due to technical issues. Six mothers were not able to perform the
handgrip dynamometer task due to pregnancy-induced swelling of their hands. For
one father, the N Back data were lost due to technical problems. Three fathers
performed the handgrip dynamometer task incorrectly, and corresponding data
were excluded. After birth, videos of the home visit were lost for one couple due
to technical difficulties. Five fathers and one mother did not complete the interaction
because the infant was too upset. One couple and five fathers only participated in the
postnatal part of this study. The Missing Completely at Random (MCAR) test
indicated that these missing values were completely random, χ2 (df) = 39.75, p = .267.
Statistical Analyses
Quality of prenatal caregiving behavior, prenatal cognitive interference by crying,
and prenatal regulation of physical force when exposed to infant crying were used as
predictors of postnatal quality of caregiving. To deal with the nested nature of the data
(mothers and fathers in couples), we used multilevel (hierarchical) linear modelling
(MLM), also known as mixed model analysis. Also, MLM is robust for missing data
and is unaffected by unequal sample sizes (Tabachnik & Fidell, 2007). Therefore, there
was no need to control for the fact that more mothers than fathers participated, and we
could run the analyses on the full data set, including data from participants who
stopped participation after birth (N = 142; 86 mothers and 56 fathers).
MLM is conveyed as a set of regression equations. First, the intercepts-only model
(a model without predictors) was run to check whether a multilevel model was
required, by means of the intraclass correlation. The intraclass correlation was .27,
thus MLM was appropriate. Second, following Tabachnik and Fidell (2007), a build-up
strategy was used. Variables were added one by one to the intercept-only model. After
each addition, the −2 log likelihood ratio scale after generalized least square estimation
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was examined. The −2 log likelihood is a determinant of model fit. If model fitness
increases, the added variable is kept. If model fitness decreases, the added variable is
cut from the model.
The variables were tested in a certain order. First, gender (mother or father) was
included as a fixed factor, and then as a random factor. Thereafter, the control
variables were added, starting with parity and then infant sex. Then the prenatal
predictors were added, cognitive interference, physical force, and prenatal quality
of caregiving. Finally, interaction terms between parental gender and each of the
prenatal predictors were added to check for differences between mothers and
fathers. The final model is presented in the results. To check the residuals, this
model was checked in regression analysis; the residuals showed normality. No
outliers were detected. All analyses were done using SPSS 18.0.0.
RESULTS
Descriptive Statistics
Table 1 shows the means and standard deviations for participant characteristics and
study variables separately for mothers and fathers. Paired-samples t tests showed that
mothers, on average, displayed higher postnatal quality of caregiving than their
partners, t(df) = 2.30, p = .026. Table 3 depicts the correlations between the study
variables. Prenatal and postnatal quality of caregiving were positively correlated for
the group as a whole, r = .25, p < .01. In mothers, prenatal and postnatal quality of
caregiving were also positively correlated, r = .23, p = .05, whereas in fathers it was
not, r = .22, p = .182. Furthermore, there was a positive correlation, r = .25, p = .033,
between postnatal quality of caregiving and cognitive interference in mothers. There
were no other significant correlations.
TABLE 3
Correlations between the Study Variables
1. 2. 3. 4.
Total sample
1. Cognitive interference –
2. Physical force −.10 –
3. Prenatal quality of caregiving −.15† .17† –
4. Postnatal quality of caregiving .11 .17† .25**
Mothers
1. Cognitive interference –
2. Physical force −.06 –
3. Prenatal quality of caregiving −.09 .13 –
4. Postnatal quality of caregiving .25* .12 .23*
Fathers
1. Cognitive interference –
2. Physical force −.11 –
3. Prenatal quality of caregiving −.28† .19 –
4. Postnatal quality of caregiving −.12 .06 .22
† = p < .10 *p < .05, **p < .01
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Predicting Postnatal Quality of Caregiving
The best fitting multilevel model is presented in Table 4. The model fit improved
from 494.77 (intercept only model) to 381.05 (final model). The control variables
(i.e., parity and infant sex) did not significantly improve model fit. All prenatal
predictors significantly improved model fit.
Table 4 shows that the quality of postnatal caregiving was higher for mothers than
fathers, t (df) = 2.75, p = .008. As for the prenatal predictors in this model, higher prenatal
quality caregiving predicted higher postnatal quality caregiving, t(df) = 2.22, p = .028. The
other two prenatal predictors – cognitive interference and physical force regulation – did
not predict the quality of postnatal caregiving. As expected, the prediction of postnatal
caregiving was not different for mothers and fathers, as evident from the non-significant
effects of the three prenatal predictors X parental gender interaction terms (not included
in the final model in Table 4 as they did not significantly improve model fit).
DISCUSSION
The present study examined whether the quality of parents’ caregiving toward their
infant could be predicted from their prenatal behavior when exposed to infant crying.
As expected, higher quality caregiving behavior toward a crying simulator infant during
pregnancy predicted higher quality postnatal caregiving. Contrary to our expectation,
the ability to regulate physical force while exposed to infant crying did not predict
postnatal quality of caregiving, just as cognitive interference by infant crying on
a working memory task, which we examined exploratorily. As expected, the results of
the analyses predicting the postnatal quality of caregiving were similar for mothers and
fathers, whereas mothers showed higher postnatal quality of caregiving than fathers.
To our knowledge, this is the first study to show that the observed quality of parental
caregiving behavior toward an infant can be predicted during pregnancy through
observations of parental behavior toward a crying simulator infant. This quite remark-
able continuity in behavior from a simulator to the own infant, and from pregnancy to
the postnatal period, supports the notion that parental caregiving behavior is rather
TABLE 4
Estimates for the Best Fitting Model Predicting Postnatal Quality of Caregiving
Estimate SE p
Fixed effects
Intercept 1.97 .888 .028*
Gender (1 = father, 2 = mother) .91 .331 .008*
Cognitive interference 4.37 2.440 .076
Physical force .21 .293 .476
Prenatal quality of caregiving .20 .088 .028*
Deviance 381.048
SE = Standard Error, *p < .05
Note.This final model does not depict infant sex, parity, and the parent gender
X predictor interactions, as these variables did not significantly improve model
fit, and were therefore discarded from the model.
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stable (Dallaire & Weinraub, 2005; Else-Quest et al., 2011; Hall et al., 2015) and shows
that quality of postnatal caregiving can be estimated in pregnancy and in both sexes.
Mothers showed higher postnatal quality caregiving than fathers, but there was con-
tinuity in pre- to postnatal quality of caregiving in both mothers and fathers.
Our finding that mothers displayed higher quality postnatal caregiving than theirmale
partners does not contradict the results of prior research. A review by Lewis and Lamb
(2003) showed that findings regarding the quality of mothers’ versus fathers’ parenting
behavior are generally inconclusive, with mothers providing similar or higher quality.
More recent studies confirm this conclusion, with some studies showing no difference
betweenmothers and fathers in the quality of their parenting behavior (Feldman & Klein,
2003; Tamis-LeMonda et al., 2004), but others showing higher quality parenting in
mothers than fathers (Blandon & Volling, 2008; Forbes, Cohn, Allen, & Lewinsohn,
2004; Kochanska & Aksan, 2004; Kwon, Jeon, Lewsader, & Elicker, 2012; Neri et al.,
2017; Ryan et al., 2006; Volling, Blandon, & Gorvine, 2006). Thus, our study is in line
with a series of recent studies showing that, despite fathers’ increasing involvement in
child care in the past decades (Fagan et al., 2014), mothers still demonstrate higher-quality
interactions with their young children than fathers. What our study contributes to this
series is that it is one of the very few comparing fathers’ and mothers’ behavior toward
very young infants in an everyday care situation (undressing, diapering, dressing again),
whereas most other studies observed parents interacting with older infants and toddlers,
mostly in play situations.
It might be argued that fathers may be more interested in play than in care activities
(Lewis & Lamb, 2003) and therefore have less experience with their children in care
activities, which might explain their lower quality caregiving behavior in the present
study. It should be noted, however, that we did not observe specific caregiving skills
in this study, but two broad qualities of parental behavior (i.e., Sensitivity and
Cooperation). These broad qualities have been shown to be stable in both mothers
and fathers across the first 2 years – with observations in natural care situations in
early infancy and play situations in later infancy (Hall et al., 2015), which supports the
validity of our measure of postnatal paternal caregiving. Therefore, the present study
may be a valuable addition to the growing but still limited database of studies
comparing fathers’ and mothers’ parenting behaviors toward their infant. This is an
important topic to study, not only because fathers and mothers are becoming more
similar in terms of their roles and the amount of time they spend with their children
(Fagan et al., 2014), but also because fathers’ parenting has been shown to affect child
development, including attachment, from birth onward (Barker, Elles, &
Ramchandani, 2017; Bögels & Phares, 2008; Brand & Klimes-Dougan, 2010).
Our working memory task showed that expectant parents performed worse when
exposed to infant crying as compared to silence, indicating cognitive interference by
infant crying. These results are similar to what we found previously in a student
sample (Hechler et al., 2015). In the present study, cognitive interference by infant
crying failed to predict postnatal caregiving quality. In mothers the cognitive inter-
ference by infant crying was positively correlated with higher postnatal caregiving
quality. Fathers showed a non-significant correlation between both. This difference
may indicate that cognitive distraction by an infant’s crying may lead a mother to
attend to and sensitively soothe the infant, whereas this is not the case in the father.
Future research, with a larger number of fathers (i.e., for more statistical power),
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should investigate possible explanations of this result. Other explanations for the lack
of association between cognitive interference and postnatal caregiving quality may lie
in the nature of the task. For example, our task used different interfering noises next to
crying, and this task may have produced a less clear picture of how crying interferes
with the participant’s cognitive functioning, decreasing the predictive value of this
variable with respect to postnatal caregiving behavior. Also, our task used continuous
infant crying for 90 s as a distracting noise. This duration may not have been ideal to
distinguish between future high- or low-quality caregiving, as such a salient sound
may have distracted all participants in a similar manner. Based on Ainsworth et al.
(1978), the most sensitive parent is alert to an infant’s most subtle, minimal, under-
stated cues whereas the less sensitive parent seems to perceive only the most blatant
and obvious communications. The use of more subtle, shorter sounds of crying or
fussing may be better for differentiating cognitive interference between parents-to-be
and for predicting future quality of caregiving behavior.
Another unexpected finding is that the use of more physical force than required,
when exposed to infant crying, failed to predict lower quality of postnatal caregiving
behavior. Crouch et al. (2008) found that parents with high risk of physical child
abuse, measured by a self-report questionnaire, used more physical force in response
to infant crying than parents with low risk of child abuse. Based on this finding, we
assumed that the ability to regulate physical force when exposed to infant crying
would not only differentiate non-abusive versus abusive parents, but also, more in
general, parents showing higher-quality versus lower-quality caregiving (i.e. as
reflected in our broader ratings of sensitivity vs. non-sensitivity and cooperation vs.
intrusiveness). Harsh caregiving, if observed, would indeed have resulted in low
ratings on our sensitivity and cooperation scales, but the 15-min observation period
was probably too short and not stressful enough for any harsh (and thus also very
insensitive and very intrusive) parental behaviors to occur, given that such behaviors
occur only very infrequently (Bradley & Lindsay, 1987). That regulating physical force
did not predict the quality of caregiving in the present study may also be due to the
nature of our sample, which was relatively highly educated. It is possible that a lack of
ability to regulate physical force does predict low-quality caregiving, but only for
parents in the very low caregiving quality range, that was underrepresented in our
relatively low-risk sample. Future research with samples that include more high-risk
parents can shed more light on this issue. A final possible explanation for the null
finding with regard to regulation of physical force as a predictor is that the handgrip
dynamometer may be an unsuitable instrument for use during pregnancy, as at least
in women pregnancy is associated with having less physical strength (Mbada,
Adeyemi, Omosebi, Olowokere, & Faremi, 2015). Possibly, the handgrip measure has
more predictive value for quality of care in fathers than mothers, in low-educated
parents as compared to highly educated parents, and in high-risk populations as
compared to community samples.
There are some limitations to note. Our group of fathers is somewhat small, as it was
more difficult to recruit fathers than mothers. Another limitation is that our sample was
mostly highly educated which limits the generalizability of our findings. Future research
should target parents with low socioeconomic status, as these parents might be more at
risk to show low-quality parenting behavior (Euser, van IJzendoorn, Prinzie, &
Bakermans-Kranenburg, 2011). Despite this limitation, our sample showed variation in
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quality of caregiving behavior, including parents scoring on the lower end. As we
showed that postnatal quality of caregiving behavior can be predicted from prenatal
caregiving observations, the question remains whether prenatal caregiving behavior is
a unique predictor above and beyond the prenatal predictors found in previous studies,
including parental attachment status and depression (Edwards & Hans, 2016; Jones
et al., 2015; Ngai et al., 2010).
IMPLICATIONS FOR APPLICATION AND PRACTICE
This study shows that the quality of caregiving of mothers and fathers toward their
young infants can be predicted by observing the quality of their caregiving toward
a simulator infant during pregnancy. This is a promising finding that could open
interesting perspectives for future research and clinical applications in the long term. It
has been suggested, for example, that an infant simulator could be used to test
psychological and physiological correlates of parenting behavior, disentangle effects
of maternal, paternal, and infant characteristics on parental sensitivity, and test the
efficiency of specific interventions to boost parenting quality (Bakermans-Kranenburg
et al., 2015). That would indeed be a very valuable application, but more scientific
work needs to be done before this application may be realized. For example, the
present study should be replicated in additional samples with more diversity in
demographic background and parental characteristics. Additionally, the feasibility of
using an infant simulator with different groups of persons at risk could be tested, as
well as the validity of the procedure when used with these groups. All in all, the
results of the present study ask for further research that may pave the way to valuable
practical applications.
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